By spark source mass spectrography it is possible to trace very low concentrations of substances such as chromium, cobalt, and nickel in ethanol extracts of the skin. Chromium could be detected in abnormally high concentrations 3 weeks after one application, while nickel and cobalt reached background levels after 2 to 3 weeks. Touching a door handle containing chromium leads to a significant rise in the chromium content of the skin. Increased chromium content of the skin was evident in one case of wristwatch eczema as welL Metallic allergens are responsible for some of the most common occupational dermatoses [1), Healthy skin has a certain content of trace elements, but increased amounts of certain metals, like chromium, nickel, and cobalt, may result in allergenic reactions, One step in the elucidation of the pathogenesis of such metal-induced contact eczemas is the determination of the skin retention time of these allergens, In previous papers the retention time of ointments and allergenic substances has been studied by thin-layer chromatography and infrared spectroscopy [2-3), In this paper we shall describe how changes in the skin content of chromium, nickeL and cohalt can be studied by spark source mass spectrographic analysis,
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MATERIALS A"D METHODS
The experiments were based on spark source mass spectrographic analysis of ethanol extracts from the skio. The metallic allergens can be detected in concentrations down to IO ppb (10-' mg of a I·mg sample) in the extracts. Spark source mass spectrography has been used for the analysis of metals in organic material by several investigators [5, 6] . To avoid interference from organic molecules, the organic substances are usually ashed. However, every ashing procedure involves loss of metals, * and consequently, the ethanol extracts used for our studies were analyzed in an unashed state, Three to ten milliliters of ethanol (96'1<) were intro· duced into a glass cup and maintained on a IO cm' area of the skin for 1 min. After withdrawal, the ethanol was 30°C and kept frozen until analysis, Control samples from the door handle for one of the experiments were taken by pouring ethanol (96%) in a free flow over the handle.
Nine parallel analyses were made. The mean value and range has been determined from replicate determina· tions. Samples (0,1 gm) of three different petrolatum ointments with either potassium dichromate (0.5%), cobalt chloride (0.5%), or nickel sulfate (2.5%) were gently rubbed into carefully washed, healthy skin on the back, legs, and arms of 3 persons. They were allowed to bathe regularly. Before the last collection of samples they took a sauna with intense scrubbing of the skin, The ethanol extract samples were taken at I, Z, and 3 weeks after application, Samples were also obtained from a single patient with wristwatch eczema. The results are given to demonstrate the clinical value of the analytical method.
The dried samples (-2 mgl were dissolved in 10 ml of ethanol (960/,) and added to 30 mg of high·purity graphite (Ringsdorffwerke) with a kno,",n content of copper added as internal standard, The amount of copper varied from 5 to 50 ppm, and the impurities of this analytical grade internal standard did not contribute to the analysis of the investigated metals. In the case of wristwatch eczema no internal standard was added, but the analysiB was based on peak height measurements of the mass spectrum only. This procedure is not as accurate, but as measurement of the relative change in the metal proportions was considered the goal of the experiment, no addition other than graphite was made,
The ethanol-graphite slurry was dried under an infrared drier. The resulting powder was divided and each half was added to a dual mold together with pure graphite so thllt, after pressing the mold, the sample material was contained at the tip of two electrodes, The electrodes were transferred to the ionization source of an AEI MS 702 spark source mass spectrograph. In this instrument positive ions are formed under high vacuum by a pulsed, radio frequency, high voltage spark. The ions are injected into energy and mass analyzer sections and the resultant mass spectrum is recorded on a photo. graphic plate. To obtain the required detection limits for the lowest concentrations, a series of graded exposures varying between some seconds and 30 min were taken
. . After development. the photographic plates were scanned with a Joyce-Loebl Mark III double· beam microdensitometer and the mass spectra recorded. Sensitivity curves were constructed from isotope ratios, and no correction was made for the mass dependency of the emulsion sensitivity because of the small mass differences between the elements recorded. An example of the results of such analyses is reproduced in Figure 1 .
RESlJLTS
The results are summarized in Table I and Figure 2a -c. They demonstrate that metals may be transferred to the skin even by touching of a metal item. In the present experiment the contact with a metal door handle led to an increase in the content of chromium of the skin, whereas no such increase could be detected for nickel and cobalt, even though the content of all these three metals were about the same in the door handle.
In the study of the wristwatch eczema (Tab. In it has been possible to trace differences in metal content of the ethanol extracts from the eczema and adjacent healthy skin. The eczema extract had a higher content of vanadium, chromium, and manganese. The difference in vanadium and manganese content was small, possibly insignificant, whereas the chromium content was increased by a factor of 6 in the eczema extract. The contents of iron, copper, and zinc were the same in the two extracts.
The retention time experiments demonstrate that chromium seems to have the longest retention time of the three studied metals. After 2 weeks chromium was retained approximately in the same amount while nickel had fallen to approximately 20% of the value after 1 week and cobalt to approximately 40% of the value after 1 week. After 3 weeks the content of nickel and cobalt had fallen to a level corresponding to the blank "clean hand" sample, whereas the content of chromium was significantly higher than the blank even after this period of time.
Even though the differences were small, it is possible that the "clean hand" blank really had an increased content of chromium, nickeL and cobalt relative to the skin of the back and the extremeties, because of the everyday contact history of the hand of a modern man.
DISCUSSION
The results of the chemical analysis reported in this paper demonstrate that, by the ethanol extraction procedure, it is possible to leach out metals in small quantities from the skin. The ethanol extraction of the metals is possibly influenced by the solubility of the organometallic compounds of the skin, and it is therefore worthy of note that we have analyzed ethanol extracts, not the skin itself. Thus, the measured change in metal concentration from one sample to another is only reliable if the organometallic compounds of the skin are of the same nature throughout the experiments. Therefore, the relation between metals in an extract may be different from their corresponding relations in the skin if each metal is bound to its specific organometallic compound, which has different solubility in ethanol.
Obviously, metal allergens of the skin may be studied by spark source mass spectrography. Both the sampling and the sample preparation are simple, and the analytical method allows determination of all metals of the periodic system simultaneously even when present in quantities lower than 1 ppm. We have demonstrated an increase in the chromium content of skin due to one single contact with a metal door handle containing chromium. Furthermore, we have been able to demonstrate that chromium seems to be more strongly bound to the skin than are nickel and cobalt, and a single analysis from a patient with wristwatch eczema showed that chromium was enriched whereas nickel was depleted relative to a control sample extracted adjacent to the eczema.
Our experiments demonstrate that metals are transferred to the skin in proportions different from those of the source of the contact eczema. In the present patient a conventional wristwatch stainless steel case was the source, and it consisted of iron alloyed with chromium, vanadium, manganese, and nickel. The skin content of chromium was drastically increased, while the content of iron remained unchanged despite the fact that this metal was the major component of the wristwatch case.
It is well known that chromium is a very potent allergen. From the results reported here it seems probable that this may be explained by the tendency of chromium to be rapidly and strongly bound to the skin in large quantities. Metal transfer and incorporation in the skin are different for different metals; the light transition metals and particularly chromium are n:.pidly bound, whereas transition metals heavier than iron are taken up by the skin at a significantly lower rate.
The reduction of nickel in the eczema extract indicates that this metal may be transported by a migration process through the skin and into the body. Such nickel depletion could eventually result in occurrence of nickel-induced eczemas at parts of the body away from the site of the contact.
